We have sequenced and annotated two genomic regions located in the Giemsa negative band q22 of human chromosome 7. The first region defined by the erythropoietin (EPO) locus is 228 kb in length and contains 13 genes. Whereas 3 genes (GNB2, EPO, PCOLCE) were known previously on the mRNA level, we have been able to identify 10 novel genes using a newly developed automatic annotation tool RUMMAGE-DP, which comprises >26 different programs mainly for exon prediction, homology searches, and compositional and repeat analysis. For precise annotation we have also resequenced ESTs identified to the region and assembled them to build large cDNAs. In addition, we have investigated the differential splicing of genes. Using these tools we annotated 4 of the 10 genes as a zonadhesin, a transferrin homolog, a nucleoporin-like gene, and an actin gene. Two genes showed weak similarity to an insulin-like receptor and a neuronal protein with a leucine-rich amino-terminal domain. Four predicted genes (CDS1-CDS4) CDS that have been confirmed on the mRNA level showed no similarity to known proteins and a potential function could not be assigned. The second region in 7q22 defined by the CUTL1 (CCAAT displacement protein and its splice variant) locus is 416 kb in length and contains three known genes, including PMSL12, APS, CUTL1, and a novel gene (CDS5). The CUTL1 locus, consisting of two splice variants (CDP and CASP), occupies >300 kb. Based on the G,C profile an isochore switch can be defined between the CUTL1 gene and the APS and PMSL12 genes.
Human chromosome 7 accounts for ∼5% of the human genome and contains >4000 genes and ∼170 Mb of DNA. The Giemsa negative band 7q22 is ∼20 Mb in length and represents one of the most genedense bands in the genome.
Two intervals surrounding the erythropoietin (EPO) and CCAAT displacement protein (CUTL1) genes within 7q22 have been the focus of many cytogenetic and molecular studies because of the correlation of this region with breakpoints observed in acute myeloid leukemias and myelodysplastic syndromes (Fischer et al. 1997) , as well as leiomyoma (Ishwad et al. 1997; Zeng et al. 1997) . These regions of chromosome 7 have been particularly difficult to analyze, as they are not represented in a single contiguous yeast artificial chromosome (YAC) contig in any existing map. Moreover, the immediate region surrounding EPO is not represented in YAC libraries, which has inhibited gene identification studies in search of additional biologically important proteins.
In the context of a comprehensive analysis of 7q22 we initiated genomic sequencing and annotation of two regions within this chromosomal band: a 228-kb contig around the locus for the EPO and a 416-kb contig around the locus for CUTL1. The two regions analyzed are separated from each other by 1-2 Mb of DNA (Fig. 1) . Therefore, their analysis should show whether bands with a uniform Giemsa stain are also uniform in their structural features. Here we present the exon/intron organization of 17 genes found in the two regions, assign possible functions for four new genes, and describe alternative splicing for two genes. Our study shows that genomic sequencing in combination with highquality annotation using automatic and manual tools is a very effective method to discover the complete coding potential of large genomic regions. In addition, we describe a number of structural features in these regions including a possible isochore switch in the CUTL1 contig. The genes identified in this study will provide an important source for future biological studies of this chromosomal region.
RESULTS

Sequence-Ready Map
For DNA sequencing we chose two bacterial clone contigs positioned within defined regions in 7q22 (Fig. 1) . We have named the 228-and 416-kb segments surrounding EPO and CUTL1 the EPO contig and the CUTL1 contig, respectively. Based on a sequence-ready map for the two contigs (Takahara et al. 1996; Zeng et al. 1997) we sequenced four PAC and four cosmid clones with minimal overlap ( Fig.  2A,B) . The two contigs span 650 kb of DNA in 7q22 and are separated by ∼1-2 Mb of DNA (Fig. 1) . The CUTL1 region still contains a clone gap between cosmid 186d2 and PAC50h2 that could not be filled in by cosmid or PAC clones despite screening various large-insert bacterial clone libraries. Subsequent analysis showed that this cloning gap is located within a single intron of at least 40 kb of the CUTL1 locus.
Genomic DNA Sequence
Using the shotgun method we have sequenced 644 kb of genomic DNA in 7q22 spread over two regions, the EPO contig of 228 kb and the CUTL1 contig of 416 kb ( Fig. 2A,B ). In the EPO contig one sequencing gap remains that could not be closed despite numerous attempts with various sequencing chemistries and a PCR approach using several primer sets. This may be due to its repetitive nature, that is, a SVA repeat (Zhu et al. 1992 ) is flanking this gap. Using the overlap between individual bacterial clones we determined the accuracy of the final sequence to be >99.99%.
Automated First-Pass Annotation by RUMMAGE-DP
The sequence was first analyzed using a software package RUMMAGE-DP developed in our laboratory for automated first-pass annotation (R. Schattevoy, J. Weber, B. Drescher, G. Glöckner, and A. Rosenthal, in prep.) . RUMMAGE-DP contains 26 different programs including tools for predicting repetitive and compositional sequence elements (REPEAT-MASKER, CENSOR), several exon prediction engines (GENESCAN, XGRAIL, MZEF, XPOUND, FEXHB), homology search programs (BLAST, DPS), as well as tools for verifying predicted exons using expressed sequences (EXONSAMPLER). RUMMAGE-DP is based on a distributed processing mode and is run on a farm of UNIX workstations. RUMMAGE-DP is available via a server at the IMB in Jena (http:// genome.imb-jena.de). The RUMMAGE-DP results are converted into three different formats: HTML, ACeDB, and GenBank. Automated first-pass annotation of the 228-kb EPO sequence by RUMMAGE-DP is graphically displayed in Figure 3 . Strand- The clones preceded by C represent CEPH-Généthon mega-YACs. Clones preceded by an E are from the HSC7E chromosome 7-specific YAC library. Three PAC clones are also shown (preceded by H DJ). Information on additional markers represented on these genomic clones is available on the World Wide Web at http://www.genet.sickkids.on.ca/chromosome 7/. The shaded area represents an interval within the contig where the orientation of the markers is still not confirmed.
specific information is compiled in the uppermost part for the forward strand and in the lower part for the reverse strand, respectively. This 228-kb contig is extremely gene rich, as indicated by the large number of exon clusters shown in red. Known genes and genes similar to known homologs in other species (EPO, GNB2, PCOLCE, and ZAN) are easily detected by the presence of BLASTX hits against the GenPept database. BLAST hits of individual exons showing similarity to the same mRNA or EST are connected by green lines to facilitate the detection of entire genes. The light green and yellow blocks show the local GC content as well as CpG islands (Fig. 3, middle) . The inverted repeat regions are also shown here. The tandem repeat structures are depicted on the first line followed by the plus strandspecific Alu and non-Alu repeats.
GC Content
Despite their location in the same Giemsa band the GC content of the two regions is very different. Most of the sequence in the EPO contig shows an average GC content of 53.7%. Some stretches with a lower GC content contain fewer exons but more repetitive elements. All genes identified in the EPO contig are associated with CpG islands, which is in good correlation with previous findings (Cross and Bird 1995) . In contrast, the average GC content of the CUTL1 contig is 49%. However, between the APS gene and the 3Ј end of the CUTL1 locus the GC content approaches 60% (Fig. 2) .
Distribution of Repetitive Elements
Table 1 summarizes the content and distribution of genome wide repeats for both sequenced regions. To find these repeats the default settings of the programs used were applied. In the gene-dense EPO contig, as well as in the first part of the CUTL1 region (CUTL1-1) containing the genes CDS5, PMSL12, and APS, a similar overall repeat content of 38.3% and 37.3% was found. The major difference between these two regions is the amount of LTRs. The second part of the CUTL1 locus (CUTL1-2) contains twice and three times as many LINE repeats compared with the EPO contig and the CUTL1-1 region, respectively. Hence, CUTL1-2 has an overall repeat content of 44.8%. There are three clusters of LINE repeats in PAC clone 50H2 belonging to the CUTL1-2 region. A fourth LINE cluster was found in PAC 37G3.
Exon Prediction
RUMMAGE-DP comprises five exon prediction programs that are based on different search algorithms and predicts a total of 302 exon positions within the 228-kb contig (Table 3, below; compiled exon predictions in Fig. 3 ). Many of these exons are only predicted by one or two of these programs. Our detailed analysis showed that these can be estimated as false positives. However, if an exon is predicted by three or more programs it is probably a true exon and was considered as a part of the real gene structure (Table 2 ). To support this general finding we used the known genes in both contigs (EPO, GNB2, PCOLCE, APS, CUTL1) as an internal control. In the EPO contig and the exon-dense regions of the CUTL1 contig, all confirmed exons of the known genes were correctly predicted by at least three pro- grams within RUMMAGE-DP. However, most programs failed to predict the correct exons at the 5Ј end of the CUTL1 locus and around the AT-rich PMSL12 gene. In these two regions gene structures can only be defined using EST or cDNA data.
EXON SAMPLER is a special analysis tool within RUMMAGE-DP that has been developed in our laboratory (J. Weber, B. Drescher, R. Schattevoy, and A. Rosenthal, unpubl.). It compiles matching ESTs and the positions of coding sequences of related genes for the construction of complete gene structures.
For gene prediction best results are obtained if exons suggested by three or more exon prediction engines and summarized in the Compile Exon results of RUMMAGE-DP are combined with the exons defined by EXON SAMPLER. However, a serious analysis problem for EXON SAMPLER are the many genomic sequences contaminating the EST database that may lead to the construction of artificial or wrong mRNAs. To minimize this problem we used only those ESTs containing at least one intron. Table 3 summarizes the main features of 17 genes in the two genomic regions of 7q22 analyzed. Five genes (CDS1-CDS5) did not show similarity to any known protein or mRNA; hence, no function could be assigned. Seven unknown genes (CDS1, CDS3, CDS5, ACTL6, TFR2, LRN, and HRBL) showed nearly complete EST coverage. For detailed analyses selected EST clones were resequenced to obtain the complete coding information for these genes. This expressed sequence information was then used to confirm predicted exons and to obtain exon/intron structures for genes CDS2, ACTL6, and CDS3. Two genes (CDS4, IRS3LL) did not show any similarity to closely related genes or ESTs and their existence is based only on the prediction of exon clusters by RUMMAGE-DP. Nevertheless, gene models were built that remain speculative. However, the CDS genes spanning a large portion of these predicted genes may be used as a hint for their functionality. 
Identification of Transcription Units
Zonadhesin
The zonadhesin (ZAN) gene encodes a sperm membrane protein that binds to the extracellular matrix of the egg in a species-specific manner. In human, only the 3Ј portion of the mRNA was known, whereas in Sus scrofa the complete mRNA was described previously (Hardy and Garbers 1995) . The human gene was recently localized to 7q22 (Gao et al. 1997) . Alignment of the pig ZAN mRNA to the human genomic sequence showed a similarity of ∼61% and allowed the identification of 33 coding exons of the human ZAN gene spanning a chromosomal region of >48 kb.
EPO
The glycoprotein hormone EPO regulates the level of oxygen in the blood by modulating the number of circulating erythrocytes (Cowling and Dexter 1992) . Both the mRNA and the gene structure have been known for a long time (Lin et al. 1985) .
CDS1
CDS1, a small gene of unknown function is defined by several matching ESTs, most of which cover only one of the two predicted exons. Database entries define CDS1 as a single exon gene. It shows no striking similarity to any known gene. Our studies show that two ESTs are spliced, thus confirming the two exons predicted from the genomic sequence.
CDS2
CDS2 describes a gene of unknown function spanning a genomic region of∼5 kb. A cluster of 19 exons has been predicted within this interval. Similarity searches revealed only one single EST clone matching the 3Ј end of the gene. The gene product derived by translation from the spliced exons shows a good similarity score of 62% in a segment of 261 amino acids to a glutamine-rich protein from Gallus gallus (U90567), as well as to a yeast protein (GenBank accession no. M90654) that is assumed to suppress the MYO2 gene, which is essential for the vectorial transport of vesicles (Schaaff-Gerstenschlager et al. 1993) .
Guanine nucleotide binding factor 2
A variety of genes has been identified that specify the synthesis of the components of guanine nucleotide-binding proteins (G proteins). Guanine nucleotide binding factor 2 (GNB2) encodes a ␤ subunit of G proteins. Its complete mRNA sequence and localization to chromosome 7 have been described previously (Fong et al. 1987; Blatt et al. 1988) . Alignment of GNB2 mRNA with the genomic sequence revealed the complete exon/intron structure. As a gene tran- scribed at a high level it is also completely covered by matching ESTs.
Actin (ACTL6)-like
More than 75% of the predicted gene is covered by overlapping ESTs. Exon prediction and resequencing of selected ESTs revealed 13 exons spanning a region of 10 kb. A similarity of 52% with a Cyanidioschizon merolae actin (D32140) suggests that the Actin (ACT)-like protein is a member of the actin family of proteins. Interestingly, multiple alignments show that the ACT-like protein does not share the high degree of conservation known among actins from vertebrates, including mammals and possesses a smaller number of actin-typical domains (data not shown). Tree analysis using the neighbor joining method shows that the ACT-like protein is more closely related to actins from lower organisms like Nagleria fowleri (M90311) than to actins from vertebrates and mammals (Fig. 4) . Thus, the ACT-like protein may represents the first example of a new subclass of actin-related proteins. Several lines of evidence suggest that there are many actin pseudogenes spread over the whole genome. One possible actin pseudogene, ACTBP5, has been located in 7q22-7ter (Ng et al. 1985) . But because the act-like gene described here is almost completely covered with ESTs and has an open reading frame (ORF) it is unlikely that it is identical with ACTBP5. Transferrin receptors are involved in the cellular transport of iron (Richardson and Ponka 1997) . In human, only transferrin receptor 1 (TRR1) has been described (Enns and Sussmann 1981) . It is a transmembrane glycoprotein with a molecular mass of 180 kD. In trypanosomes, several variants of this protein exist to avoid interference by antireceptor antibodies (Borst 1991 ). TFR2, which shows a 60% similarity to TRR1, is the second transferrin receptor found in human. TFR2 may bind other ligands than transferrin; therefore, its role in iron metabolism may be different.
CDS3
CDS3, which shows only similarity to a putative gene in Caenorhabditis elegans (Wilson et al. 1994) , is a novel human gene with unknown function. Five overlapping human ESTs have been found that, after resequencing, were used to establish the exon/intron organization of this gene. Detailed analysis of all human ESTs showed that this gene exists in at least three splice variants (Fig. 5) . All three splice variants allowed the translation of an ORF comprising the same carboxyl terminus with two transmembrane domains. Based on PSort (http:// psort.nibb.ac.jp) we hypothesize that the three splice variants of CDS3 may be used in different compartments of the cell: variant a in the endoplasmic reticulum and variants b and c in the plasma membrane.
Procollagen C-proteinase enhancer
Procollagen C-proteinase enhancer (PCOLCE) is a specific glycoprotein in the connective tissue that is likely to regulate the processing of procollagen in vivo (Kessler et al. 1990 ). Alignment of the known PCOLCE mRNA (Takahara et al. 1994 ) with the genomic sequence revealed nine exons spread over 6 kb. Phylogenetic tree of act genes. Sequences were aligned using CLUSTALW. The phylogenetic tree was constructed using PHYLIPP. The random seed value was 75 with ‫ן51‬ to jumble.
CDS4
For CDS4, a cluster of eight exons has been predicted in a genomic region of 11 kb. The last two exons at the 3Ј end have been confirmed by the existence of a single matching EST. Translation of all predicted exons yields a long coding sequence that shows no similarity to any protein in the databases.
Leucine-rich neuronal protein
A combination of exon prediction and resequencing of overlapping EST was used to establish the exon/intron organisation of the leucine-rich neuraonl (LRN) gene. It has 19 exons spanning a region of 13 kb. The predicted LRN protein contains leucinerich repeats (LRR) at its amino terminus (amino acid positions 40-262) known to be involved in ligand binding (Kobe and Deisenhofer 1995) . These repeats are followed by a region (amino acids 462-538) that shows a similarity of 60% to a partially characterized gene from Felis catus (GenBank accession no. X79682) encoding a neuronal protein and the carboxyl terminus (amino acids 588-604), which may be a membrane anchor. The identified structural elements suggest that LRN resembles a receptor.
Insulin receptor substrate-like protein
For the insulin receptor substrate 3-like (IRS3L) protein, a cluster of five exons have been predicted within 3 kb of genomic DNA by several programs. No EST or mRNA matches have been found to confirm the putative gene structure. A BLAST search of the translated putative protein revealed a similarity of 62% in the carboxy-terminal part of the predicted protein to insulin receptor substrate proteins which, however, is restricted to a short stretch between amino acids 168-246 of the rat insulin receptor substrate protein (Lavan et al. 1997) . The lack of expressed sequences suggests that IRS3L may be transcribed at a very low level or alternatively represents a pseudogene.
HIV-1 Rev binding like protein
The HIV-1 Rev-binding-like protein (HRBL) that encodes a nucleoporin-like protein which may be involved in nuclear transport of viral RNAs (Bogerd et al. 1995; Fritz et al. 1995) . The HRB protein is 200 amino acids shorter than the related nucleoporin. Although at the amino terminus the HRBL protein is very similar to nucleoporin the similarity between both proteins declines in the carboxy-terminal part. The gene structure of the HRBL protein described here is incomplete. The promoter region and the first 48 amion acids are not contained on our sequence.
CDS5
A cluster of seven exons in 7.4 kb has been predicted to represent CDS5. Although 80% of this novel gene is matched by ESTs no significant similarity to known genes or proteins has been found. The translated protein of unknown function contains many prolines and glutamic acids and is predicted to reside in the nucleus according to the results of PSort.
Postmeiotic segregation
The postmeiotic segregation gene PMSL12 belongs to a large family of genes localized on human chromosome 7, which is involved in mismatch repair. One important member of this family is the human PMS2 mismatch repair gene that has been mapped previously to 7q22 and shown to be causative in hereditary nonpolyposis colon cancer (Peltomaki and de la Chapelle 1997) . Seventeen other PMSrelated genes have been mapped to various positions of chromosome 7 (Nicolaides et al. 1995; Osborne et al. 1997) . The exon prediction programs within RUMMAGE-DP failed to reveal the gene structure of the PMSL12 gene. Although ESTs could be identified that match the PMSL12 locus with ∼90%, they possibly originated from different PMSrelated genes and were therefore of limited use for assigning the correct splice sites. The structure of the PMSL12 gene comprising 6 exons within 18 kb was predicted by alignment with PMS2 (GenBank accession no. U38964).
Adaptor protein with PH and SH2 domain
The adaptor protein with PH and SH2 domain (APS) gene consists several domains including a pleckstrin homology (PH) domain, a Src homology 2 (SH2) domain, and a tyrosine phosphorylation site. Several lines of evidence suggest that APS may link immune receptors to signalling pathways involved in tyrosine phosphorylation (Yokouchi et al. 1997 ). The APS mRNA was known previously. We describe here its genomic structure and map position.
Cut-like homeobox
The CUTL1 (cut-like homeobox) locus has been mapped previously to 7q22 (Scherer et al. 1993b) and was shown to encode a transcriptional repressor that down-modulates the expression of c-MYC (Dufort and Nepveu 1994). In uterine leiomyomas, deletion of 7q22 or reduced expression of CUTL1 has often been observed. It has been suggested that this locus may be involved in the etiology of these tu-mors (Zeng et al. 1997) . The CUTL1 locus spans a genomic region of >300 kb and consists of 31 exons that have been deducted by alignment with the known mRNA. The 5Ј exons are separated by very large introns, with the largest ∼85 kb in size. CUTL1 exists in two alternative splice variants: CDP and CASP. CDP has 21 exons including the homeobox domains and the cut repeats. CASP lacks these domains and comprises 22 exons. CASP therefore may have lost its ability to bind DNA. The genomic structure of the CUTL1 locus comprising splice variants CDP and CASP differs from the corresponding Cux/ Cdp/mCasp locus in mouse. It has been shown that the 3Ј exons of CASP are interposed between cut repeats 2 and 3 of the murine Cux/Cdp gene (Lievens et al. 1997 ). In the human CUTL1 locus the 3Ј exons of CASP are attached to the CDP splice variant.
DISCUSSION
Human genes are not uniformly distributed along the chromosomes. The chromosomal band 7q22 is extremely gene rich and, like Xq28, represents a prime target region for large-scale sequencing and analysis. We have sequenced and carefully annotated 650 kb of genomic DNA in 7q22.
As sequencing of human DNA in the scale of hundreds of kilobases has become more routine the analysis and annotation of these large blocks of genomic DNA is still a very tedious manual procedure. To make full use of human genomic sequence through comprehensive annotation we have developed a new automated annotation tool RUMMAGE-DP for automated first-pass analysis. We used it extensively to annotate the 650 kb of genomic sequence from the EPO and the CUTL1 region in 7q22.
The key problem in analysis and annotation is gene finding by exon prediction and homology searches or a combination of both followed by the construction of complete exon/intron structures of confirmed human genes. Using RUMMAGE-DP, we were able to predict 17 genes within 650 kb of genomic sequence. Both the EPO and CUTL1 contigs contain very short intergenic sequences. This suggests that we may have found all human genes in this interval, although we cannot exclude that an additional gene resides in the cloning gap of the CUTL1 locus.
Gene finding and establishing complete genomic structures for human genes on the bases of their complete mRNAs should be highly reliable. Although gene finding can be done automatically and in a few hours, establishing the exact genomic structure of a human gene requires the execution of various manual procedures like EST resequencing, careful alignments, and evaluations of homology searches. Three resources can be used for verifying predicted genes on the mRNA level: human ESTs, ESTs or mRNAs from other species, and ESTs or mRNAs from gene families. If no significant EST or mRNA matches can be found gene structures have to be based entirely on predicted exons. There are several problems connected with all of these methods. First, according to our findings, EST databases are contaminated with ESTs that seem to be of genomic origin. Therefore, only those ESTs that are spliced and span at least two predicted exons were used for the reconstruction of mRNAs. Second, in general the coverage of genes with ESTs is not uniform. This may be due to different expression profiles of individual genes in particular tissues and the methods used for generating these EST databases. In cases where overlapping ESTs cover all or most of the predicted exons of a single gene (Table 3, genes CDS1, ACTL6, TFR2, CDS3, CDS5, LRN, and HRBL) the gene structure should be correct. Figure 6 shows the overall coverage of the gene-rich EPO contig with ESTs. GNB2 and PCOLCE show the highest EST coverage, followed by CDS1 and the ACT-like protein. In contrast, ZAN, EPO, CDS2, and CDS4 are not or only poorly covered by ESTs. All other genes of the EPO contig show modest EST coverage. We assume that this EST map may reflect the transcription level of the genes quite accurately. In general, genes that are transcribed at low levels, or transcribed only, for example, in embryonic tissues at certain times are not or only poorly represented in the EST database. These genes can be detected more easily by genomic sequencing.
As discussed, another possibility to reveal the genomic and mRNA structure of a gene is to make use of genes from other organisms or families that are highly similar (Table 3; ZAN and PMSL12) . In these cases, we were able to detect many coding exons easily, but we cannot exclude that some exons with no similarity to the mRNA from other species are omitted.
When no EST or mRNA matches could be found we used only the predicted exons to construct gene models. It is well known that single exon prediction programs often fail to predict certain exons (especially 5Ј-and 3Ј-untranslated exons, very small exons, or exons followed or preceded by very large introns) and often detect false positives (Lopez at al. 1994; Burge and Karlin 1997) . The ability to predict correct exons is often correlated with the GC content of a region that also reflects gene density. To discriminate between correct and false positives exons more precisely, five exon prediction programs (XGRAIL, XPOUND, MZEF, FEXHB, and GENES-CAN) were used. In our experience, exons predicted by more than two of these programs are most likely true exons. This was confirmed by comparison of predicted exons with true exons, which were confirmed on the EST/mRNA level. CDS2 and CDS4 are examples of this situation, as they are scarcely covered by ESTs, but exons have been predicted by several programs. The putative gene models of CDS2 and CDS4 need to be confirmed. Another problem is the prediction of exons in AT-rich isochores of the chromosome (Fig. 2) . No exon of the PMSL12 gene could be predicted by more than one exon prediction program. The same problem occurred in the 5Ј portion of the CUTL1 locus, where a similar AT content was observed. Thus, in AT-rich isochores the detection of genes may depend more on the existence of human ESTs and on the knowledge of related genes (ESTs or mRNAs) in other species.
Detailed GC content analysis showed that the EPO contig with its 13 genes has an average GC content of 53% and represents an H3 isochore. Although some local regions show a GC content well over 60%, other sections have a GC content below 50%. Concerning the GC content the CUTL1 contig can be divided into two blocks. Most of the CUTL1 gene has an average GC content of 48% and can be defined as an H2 isochore. The region including the PMSL12, APS, and the very 3Ј end of the CUTL1 locus shows a GC content of almost 60% and represents a H3 isochore. This interesting finding of a possible isochore switch within a region of 450 kb is supported by statistical analysis, showing that long genes are scarce in GC-rich isochores (Duret et al. 1995) . Our data suggest that 7q22 is heterogeneous concerning gene density and GC content and may be composed of different isochores.
METHODS
DNA Sequencing
The PAC and cosmid clone DNAs were isolated using a standard alkaline lysis method (Birnboim and Doly 1979) . The DNA was purified on a CsCl radient (Radloff et al. 1967 ). The closed circle band was sonicated, size fractionated, and ligated into M13 vector after filling the protruding ends by T4 plymerase treatment (NEB) (Craxton 1993) . The M13 templates were prepared by the Triton method (Mardis 1994) . In the shotgun phase of a sequencing project all templates were sequenced by dye-terminator chemistries (Perkin Elmer). Data were collected using ABI 377 automated sequencers and assembled with GAP4 (Staden 1996) . Most gaps were closed by performing long runs using dye primer chemistry for sequencing of the M13 templates. With custom-made primers, M13 templates and PCR products derived from the cosmid or PAC clone were sequenced. PCR bands were purified using the Genomed Gel Extraction Kit. With Big dye chemistry (ABI) eight remaining gaps on PAC 37G3 were closed by sequencing with custom-made primers on the PAC clone. cDNA clones of matching ESTs were received from the ResourceCenter/ Figure 6 EST coverage of the total EPO contig. All matches of ESTs to the EPO contig in either strand are shown as lines. Matches of the same EST are represented by lines covering the whole region within the matches. Regions of the genes found are drawn above the EST matches.
Primary Database (Berlin). The sequences of the cDNA clones were directly determined using universal and custom made primers.
Resequencing of EST Cones
C l o n e s I M A G p 9 9 8 A 2 1 2 5 5 , I M A G p 9 9 8 C 1 7 7 3 6 , IMAGp998B16677, IMAGp998G011743, IMAGp998G23194, IMAGp998G13270, IMAGp998G15286, IMAGp998J181536, I M A G p 9 9 8 J 1 6 1 0 0 8 , I M A G p 9 9 8 K 2 1 1 6 7 2 , I M A G p -998K231889, IMAGp998K031714, IMAGp998K13435, I M A G p 9 9 8 N 1 0 1 7 4 5 , I M A G p 9 9 8 N 2 0 1 7 1 7 , I M A G p -998N23584, IMAGp998N17972, IMAGp998P10406, IMAGp998P171429, IMAGp998P091672, IMAGp998O17311, IMAGp998L021744, and IMAGp998P221167 were used for the confirmation of cDNA structures.
Clone Names
In other studies clones PAC37g3, 164c7, 235f8, PAC76h2, PAC123e15, 186d2, PAC59h2, and 46f6 are also called H DJ0037G03, cos164c7, cos235f8, H DJ0076H02, H DJ0123E15, cos 186d2, H DJ0050H02, and cos46f6, respectively.
Computer Analysis
Repetitive sequences were tagged and removed for subsequent analyses using Censor (Jurka et al. 1996) and RepeatMasker (A.F.A. Smit, and P. Green, http://ftp.genome.washington.edu/RM/RepeatMasker.html) with default settings. Tandem and inverted repeat regions were determined using the algorithms of the ACeDB package ( J. Thierry-Mieg and R. Durbin, pers. comm.). The Wisconsin Sequence Analysis Package (Genetics Computer Group, Inc.) and the algorithm of Huang (1994) were used to determine the GC content and distribution. Programs XPOUND (Thomas and Skolnick 1994) , XGRAIL (Xu et al. 1994) , GENESCAN (Burge and Karlin 1997) , FEXHB (Solovyew and Salamov 1996) , and MZEF (Zhang 1997) were used with default settings for exon predictions.
Homology searches against various databases were performed using BLAST (Altschul et al. 1990 ). BlastN of predicted exons was performed against the human, EST, and emnew subdivision of the EMBL database. BlastN of the whole sequence was done against the EST, genembl, and the codseq database. Codseq an inhouse built database (J. Weber, unpubl.) comprises all nonredundant CDS entries of the EMBL database. BlastX against the translated EMBL database (genpept) was done using the translated genomic sequence. The exon sampler integrated predicted exons information with EST databases (J. Weber and B. Drescher, pers. comm.). DPS was used for the comparison of DNA sequences with protein databases (Huang 1996) . Promotor predictions were done with Pol II (Prestridge 1995) . PROSITE was used for the analysis of patterns in predicted exons (Bairoch 1993) . PSORT (http://psort.nibb.ac.jp) was used for the prediction of protein localizations.
